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Abstract 
Building Information: 
Interdisciplinary Research and 
Development Center 
Location: Seoul, Korea 
Size : 1.2 million ft2, 3 floor below 
ground ~ 12 floor above ground 
Architect: Cannon Design 
MEP Consultant: Cannon Design 
Lighting Consultant: Cannon Design 
Construction Date: 04.2012-08.2014 
Original Mechanical System: 
• “BTUH/ft2” method for load calculation
• Chilled Beams in the open research area
• Variable Air Volume System for the rest of
space
• Fan Coil Units in some rooms
• E-quest for energy projection
MQP Design Scope: 
2nd Floor, Pharmaceutical Building 
Mechanical System Re-design 
• CLF/CLTD method for exterior load
calculation 
• Labs21 as interior load benchmark
• Separated count for occupants’ latent and
sensible heat
• Bin Method for energy projection
• Chilled Beams in rooms where sensible
load exceeds ventilation requirement
• Ductwork noise analysis through Dynasonic
AIM
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Fulfillment of Capstone Design Requirement 
Design Problem 
   The purpose of this project is to comprehensively apply academic coursework to solve a 
real-life engineering problem. The author was involved with part of the original schematic MEP 
design for a prominent research and development center in Seoul, Korea during her co-operative 
education with Cannon Design. Based on her experience with the original design, she made an 
assessment and tried to achieve a design alternative for the same project building. The capstone 
design of this project was fulfilled by proposing an alternative design for the Research and 
Development Center.  
Approach 
   The design alternative in this project is based on ASHARE Standards and Air Conditioning 
Principles and Systems by Edward Pita. The design alternative looked at location weather data, 
building type, and building structure to determine the most suitable design approach. 
Realistic Constraints 
   There are certain realistic constraints related to the building construction industry. First of 
all, safety is a major realistic constraint for all construction projects. Therefore, building code and 
zoning requirement were reviewed in the original design. For this project, one of the constraints 
was collaborative design for an international project. The team needed to make sure that document 
communication and unit conversions are consistent through the entire project.  
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 Economic, Environment & Manufacturability  
To overcome the economic, environment, and manufacturability constraint, design catalogs 
were referenced in this project. Similar project were also reviewed for feasibility studies.  
Safety and Tenant Comfort 
   One of the goals of building design is to give people a safe and pleasant environment to 
live or to performance their tasks. This project has considered humidity level, indoor ventilation, 
toxic gas ventilation, etc. to meet the safety and comfort requirement.  
Environmental and Sustainability 
  This project made its best effort to improve energy efficiency. An accurate load calculation 
was conducted at the beginning of the project, and the mechanical systems were designed based 
on the load requirement. An energy projection was conducted at the end to estimate the potential 
energy input requirement.   
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Executive Summary 
          This project report analyzes a research and development building designed for a 
conglomerate corporation in Seoul, South Korea. Cannon Design was the architectural and 
engineering designer for this 1.2 million ft2 research and development center. The building was 
designed as a “New Scientific Workplace” to enhance tenants’ productivity, efficiency, and 
creativity. Inspired by the appearance of blossom buds, the designers of the building joined a 
pharmaceutical high-rise, a biotechnology high-rise, and a food products research high-rise into 
one entity connected by a central atrium.  
Figure 1 the center Rendering, photo courtesy by Cannon Design
          The architectural design of the building focused on functional, aesthetic, and sustainable 
features. Day lighting was integrated into the building envelope design. The engineering proposal 
took innovation, functionality, and safety into account. The engineering group introduced the 
owners to Active Chilled Beam (ACB) systems for heating and cooling. The author of this project 
was involved with the mechanical system design of the pharmaceutical high-rise during her 
cooperative education experience at Cannon Design’s Boston office. She was given this project 
opportunity by Mr. John Swift and the mechanical engineering team in order to further examine 
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the mechanical system design approach of New Scientific Workplace as her Major Qualifying 
Project at WPI.  
         This study uses the second floor of the pharmaceutical high-rise as its design scope. The 
second floor has a total floor area of 2372 m2 (25,532 ft2), where two microbiology labs and other 
lab-related facilities are located. The report is comprised of an original design summary, a load 
calculation revisit, a system design evaluation, a ductwork/pipework study, and, finally, an energy 
evaluation.  
        The load calculation revisit is an investigation into whether the original design oversized 
the HVAC system. The load calculation consists of the exterior load calculation and the interior 
load calculation. The exterior load calculation uses the CLF/CLTD method to obtain the zone peak 
load and building peak load. The interior load calculation follows Labs21 as a guideline to get an 
estimate of people, equipment, lighting, and fume hoods.  
      The system design section first looks into the airflow control on the floor to maintain odor 
control and toxic gas safety. A latent load check is completed to determine if the supply air 
temperature can meet both sensible cooling and dehumidification loads. Then a room by room 
analysis is conducted to decide whether reheat or active chilled beam (ACB) design is necessary. 
Equipment is placed according to the room by room analysis. The sizing and pressure drop 
calculation of the ductwork and pipework is evaluated as the last step of system design. 
      After the load calculation and system design, an energy evaluation is conducted by a Bin 
Method calculation. Using outdoor temperature data from “Engineering Weather Data” and 
breaking the occupancy level into three time intervals, an energy projection for the new design can 
8 
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be found. The result of the study shows that an accurate load calculation can help with mechanical 
system design efficiency. For laboratory buildings, fume hoods are an important factor for exhaust 
requirement. Also, active chilled beams are beneficial in certain design conditions for laboratory 
buildings.  
       The following are main points determined from this thesis: 
• HVAC Load based on CLF/CLTD, and Labs21
• Airflow Control Design
• Supply air temperature required based on latent load
• System selection and sizing
• Feasibility for active chilled beams (ACB)
• Ductwork/pipework sizing and pressure drop calculation
• Energy projection through Bin Method
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Chapter 1: Background 
1.1 Interdisciplinary Research and Development Center 
   The center is a research and development center designed for a Korean Corporation to 
advance their interdisciplinary operation in Seoul, Korea. The corporation used to have separate 
buildings for their pharmaceutical, biotechnology, and food products research. The new research 
center combined all three disciplines into one building, which increased the company’s working 
efficiency, collaborative level, and global influence. The building has one separate petal for each 
of the three disciplines, and a central atrium that connects all three petal towers. The total square 
footage of the building is 1.2 million square feet.  
Figure 1: the center, rendering by Cannon Design17 
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1.1.1 Design Concept 
Cannon Design was the architectural and engineering designer for the center. Cannon Design 
applied their “New Scientific Workplace” (NSW) design concept to the project.(Design) 
Comparing with traditional research space, “New Scientific Workplace” provided the tenants with 
more “productivity, efficiency, and creativity”.(Design)  By co-locating three high-rise towers into 
the same core atrium, the center represented all the cutting edge technology aspects that 
corporation was involved in. The center also tried to maximize human comfort in the laboratory 
working environment.  For example, it provided day lighting to all laboratories in the building. 
While keep all the offices and labs as interior spaces to reduce room HVAC load, the building 
“borrows” daylight from the perimeter corridor and the central atrium. The daylight can not only 
improve worker’s physical and psychological well-being, but can also save the artificial light 
consumption and achieve a higher sustainability level.  
18 
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Figure 2: Bird's-eye view of the center petals 
   The center combines workplace with entertainment amenities. On the first and second floors, 
there are social-oriented spaces such as gyms, café, restaurant, childcare, and digital collaboration 
spaces.(Sources, 12/31/2012) In addition, there are café, meeting room, and lab spaces on each 
floor.(Design) Such design conjoined with the corporation’s vision: “Healthy, Joyful, and 
Convenient”.   
19 
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Figure 3: Interior space rendering of the center by Cannon Design 
 
 
 
1.1.2 Architecture features 
   The floor plan of the center was inspired by the organic form of “blossom buds”(Design, 
05/2013b). Overall, the interior and exterior architectural design captures a fluidity theme. Curvy 
walls and partitions were utilized throughout the design of the building, together with the 
20 
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corporation’s brand colors (Design, 05/2013b). Such design made the space more visually 
preferable than traditional “cookie-cutter” lab spaces.  
   
 
Figure 4: Atrium rendering of the center by Cannon Design 
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     Another feature of the center’s architectural design was to approach green and nature. The 
boundary between interior workspace and exterior landscape was minimized by the large 
percentage of transparent curtain walls. Indoor gardens were also part of the lower floor atrium 
design.  
  
Figure 5: Curtain wall rendering of the center by 
Cannon Design 
22 
 
 
` BUILDING MECHANICAL SYSTEM DESIGN FOR NEW SCIENCE WORKPLACE 
 
 
Figure 6: Interior garden rendering of the center by Cannon Design 
   Green buildings have become a rising topic over the past decades. In the United States, 
programs such as “Leadership in Energy and Environmental Design” (LEED)  promote green and 
sustainable design concepts. In South Korea, sustainability and green building are also a huge 
focus in the industry. The Songdo International Business District (IBD) in South Korea was one 
of the most ambitious LEED development regions, according to a report by USGBC in 2012 
(DiNardo & Chang). 
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1.1.3 Engineering features 
    The engineering feature of the CJ Only One Center was designed in accordance with the 
New Scientific Workplace principle first brought up by Cannon Design. The New Scientific 
Workspace gives the staff a more pleasant place to work by implementing day lighting and open 
lab design. It also allows flexibility to future lab layout changes. 
    The HVAC design of CJ Only One Center applied central air handling systems for all three 
towers of the building(Design, 05/2013a). The air handling systems were located in the penthouse. 
For the pharmaceutical tower of the building, the air handling systems were located on the 8th floor. 
The air handling units were designed for an additional 10-20% of potential expansion. There were 
supply and exhaust system layout on each floor.  
   The air handling units typically consist of:  
• supply fans, sound attenuator, energy recovery heat pipe, hot water coil, humidifier, 30% 
Pre-filter, and 90% After Filters 
• VAV Volume Control 
• 10 Degree Celsius Unit Discharge Temperature 
• Emergency Power 
Additional components such as floor reheat depend might be implemented depending on the 
equipment load.  
24 
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Figure 7: Air Handling Unit (AHU) Plan View by Cannon Design 
 
 
      Cannon Design made an energy consumption assessment to determine the potential energy 
saving contributed by their design. The energy assessment was made by using eQuest software. A 
3-D building model was simulated in the eQuest software to analyze the energy consumption.  
25 
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Figure 8: eQuest model view by Cannon Design 
 
 
   According to the eQuest energy modeling result, there will be 12% potential savings in 
electrical consumption, 50% in ventilation energy savings, and 4% in overall energy cost saving 
per year, compared with the Fan Coil Baseline design.  
26 
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Figure 9: Baseline fan coil unit annual energy consumption by end use 
 
Figure 10: Proposed design annual energy consumption by end use 
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1.1.4 Construction 
     The latest construction update for the Only One Center was posted on Cannon Design’s 
blog on November 2012. The author, Yong Kang, shared pictures of the construction site as well 
as a short video. (https://www.youtube.com/watch?v=QNoPOnl3rM0) 
 
Figure 11: Construction site photo taken in 2012 
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Figure 12: Construction site photo taken in 2012 
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1.2 VAV System and ACB System 
   Variable Air Volume System and Active Chilled Beam System are both mechanical 
systems to improve indoor thermal comfort. Variable Air Volume System has energy saving 
potential because it can change the volume of output air based on load conditions. Active Chilled 
Beam may also save energy because it requires less supply air (P.E., Leffingwell, Ken Bauer, & 
Butters-Fetting Co.). 
1.2.1 Variable Air Volume (VAV) System 
   The cooling and heating load of a certain space is not constant because of weather changes, 
daily temperature range, and variance in occupancy and equipment load. A variable-air-volume 
(VAV) system changes the volume of constant-temperature output air based on different load 
conditions (Trane). Before VAV systems were invented, cooling and heating systems used 
constant air volume supply air. Constant Volume systems do not have separate thermostats for 
different building zones, unless using inefficient terminal reheat (Trane).  
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Figure 13: Constant-Volume Variable-Temperature system, by Trane 
 
   In comparison, a VAV system can balance the temperature at all building zones with 
different load conditions by varying the airflow. Each space can also have its own thermostat (see 
below) (Trane). 
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Figure 14: Variable Air Volume (VAV) system by Trane 
 
   VAV systems have advantages compared with CV systems in various ways. First of all, 
VAV systems can reduce fan energy and refrigeration energy by reducing the total air volume 
required. Secondly, VAV systems can provide thermal comfort to joined spaces with unlike load 
conditions.   
 
1.2.2 Chilled Beam 
   Chilled beam system is a mechanical system that uses chilled water pipes in modular units. 
It relies on convection instead of radiation to achieve cooling or heating goal. There are two types 
of chilled beam systems: passive chilled beams and active chilled beams.  
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   Passive chilled beams have a simple assembly with a cooling coil, fins, and housing, as 
shown in the following image. Typically, chilled water around 60 °F would be applied through the 
coil to cool the space (Roth, Dieckmann, Zogg, & Brodrick, 2007). The cooling capacity of passive 
systems is about 5.6 W/ft2 to 6.5W/ft2 of ceiling area enclosed by the system (Roth et al., 2007). 
 
Figure 15: Demonstration of a passive chilled beam on Emerging Technologies 
   In comparison with the passive chilled beam, active chilled beams have a more complicated 
design (see below). Active chilled beams (ACBs) are also called induction diffusers (Roth et al., 
2007). The additional integral air supply in ACB systems can help meet outdoor air requirement 
such as ASHRAE Standard 62. In an active chilled beam, the supply air goes through nozzles and 
forces additional airflow to go down to the conditioned space. ACB systems have about twice as 
much capacity as passive chilled beams because the forced convection. 
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Figure 16: Demonstration of an Active Chilled Beams (ACBs) system on Emerging Technologies 
 There are two components of building cooling load: sensible load and latent load. Sensible 
load (as known as “dry heat”) is the total of exterior load and interior equipment, lighting, and 
occupants’ sensible heat (Tredinnick, 2009). Latent load comes from human perspiration. Chilled 
beams do not directly remove latent heat (Tredinnick, 2009). Unlike radiant cooling, chilled beams 
primarily rely on convective heat transfer.  
 Chilled beam systems may have energy saving potential for various reasons. First of all, it 
can reduce ventilation fan energy usage by separating maximum air delivery from cooling load. 
Secondly, with the additional dedicated outdoor air systems (DOAS), the chilled beam system can 
meet ASHRAE 62 (ventilation standard) with less ventilation air flow.  
   Chilled beam systems were only recently introduced to the US market. Integrated service 
beams are the chilled beam system that have a better aesthetic value and incorporate additional 
features into the chilled beams.  
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1.3 The ASHRAE Journal Debate 
       A controversial article in the May 2013 ASHRAE Journal compared a chilled beam design 
with a VAV/reheat design. The ASHRAE Golden Gate chapter used UC Davis Medical Center 
Graduate Studies Building (GSB) for a competition to compare the cost and efficiency between 
Active Chilled Beam (ACB) and Variable Air Volume (VAV) systems.  
       Firm A designed an ACB alternative, Firm B (the Journal article author’s firm) designed a 
VAV system, and Firm C designed a hybrid combination system. All three design alternatives 
were simulated by EnergyPlus because its addition chilled beam module to be compared with other 
energy modeling software.  
       The simulation result showed a significant energy saving by applying the VAV design. The 
ACB design example would have consumed more fan power and used more cooling and heating 
energy. However, the ACB design would have earned more LEED energy points because the ACB 
design had a higher baseline model. The article also raised a couple of other disadvantages of ACB 
design, such as water leakage. The article concluded that the VAV system is the “clear winner” 
between the two. 
35 
 
 
` BUILDING MECHANICAL SYSTEM DESIGN FOR NEW SCIENCE WORKPLACE 
 
 
Figure 17: Rendering of the UC Davis Medical Center Graduate Studies Building (GSB) 
      The feedback letters, however, mostly disagree with the article author’s view point. The 
letters pointed out that the UC Davis Medical Center Graduate Studies Building (GSB) is a biased 
case because the VAV design was much better executed than the chilled beam design.  
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1.4 Labs for the 21st Century 
   Labs for the 21st Century (Labs21) is a program with the purpose of “improving the 
environmental performance of U.S. laboratories” (Labs21). U.S. Environmental Protection 
Agency (EPA) and U.S. Department of Energy (DOE) cosponsored the organization (Labs21). 
Laboratory and building design professionals around the world can use “Labs for the 21st Century” 
as a way to communicate with each other and learn more about the latest lab design technologies. 
   It is important to have laboratory buildings designed and operated in a sustainable way 
because lab buildings have high energy consumptions. According to the Labs21 Benchmarking 
database, laboratory buildings can consume three to eight times more energy than normal office 
buildings (Dale Sartor, June 4, 2008 ). However, there can be a potential 30%-50% energy saving 
opportunity from common lab designs if sustainable practice is applied (Dale Sartor, June 4, 
2008 ). Such sustainable practice can not only save building construction, operation, and life cycle 
cost, but also improve the workplace safety and satisfaction for the lab staff, and reduce potential 
environmental impact in the future.  
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Figure 18: Total Site Energy Use Intensity BTU/sf-yr in the Labs21 Benchmarking Database 
  
   One of the benefits of forming an organization such as Labs21 is that it can fill the 
communication gap between building design companies and lab owner/operators, and provide 
necessary information to both sides (Dale Sartor, June 4, 2008 ). Currently, Labs21 offers annual 
conferences, workshops, and online resources to help industry professionals. The online resource, 
also known as the “Tool Kit”, includes design guides, case studies, energy benchmarking, practice 
guide, and so on (Dale Sartor, June 4, 2008 ). 
   According to research conducted by Labs21, HVAC systems have a dictating impact on 
laboratory buildings’ energy consumption (Dale Sartor, June 4, 2008 ). This is due to the fact that 
laboratory spaces have a higher ventilation requirement because of the amount of toxic and 
contaminated air they may produce. The ventilation requirement in lab buildings can be as large 
as 10 to 20 times of the total lighting energy use in the building (Dale Sartor, June 4, 2008 ). 
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Figure 19: Annual electricity use in Louis Stokes Laboratory, National Institutes of Health in Bethesda, MD 
   To design a sustainable laboratory facility, one must look at all system consumptions. On 
the heating and cooling systems side, it is important to right-size the HVAC system and minimize 
reheat (Dale Sartor, June 4, 2008 ). On the ventilation system side, high performance fume hoods 
are preferable as well as low-pressure drop design. Finally, on the lighting system side, using 
daylight can not only benefit the occupants’ physical and mental well-being, but also save a 
substantial amount of artificial lighting energy.  
   The Labs21st has also lists five methods that can save lab energy consumption most 
effectively: 
1. Scrutinize the Air Changes 
Sometime, the air change rate is not driven by thermal load. One of the methods of scrutinizing 
the air change is to model and simulate for optimization. 
2. Tame the Hoods 
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Fume hoods are the primary energy consumption for lab buildings. To tame the hoods, one 
can: 
 1. Reduce the number and size of the hoods 
 2. Use VAV system 
 3. Consider high performance hoods 
 
3. Drop the Pressure Drop 
The standard design for ductwork pressure loss is 0.8” w.g. However, if low pressure drop 
(0.2” w.g.) design is applied, there can be a 75% energy saving potential with smaller fans and 
longer filter life.  
4. Get Real with Plug Loads 
The current design load does not always match the metered load after the building begins 
operation. An accurate estimate of plug loads can help with reducing capital cost.   
5. Say No to Reheat 
Reheat (simultaneous heating and cooling) is the primary energy waste in labs. There are 
systems that will help to reduce reheat: 
 1. Dual-duct systems 
 2. Ventilation air with zone coils 
 3. Ventilation air with fan coils 
 4. Ventilation air with radiant cooling 
 5. Ventilation air with inductive cooling coils 
 
   To put all the design theories into a systematic document, Labs21 also has an 
“Environmental Performance Criteria” (EPC). It was developed by over forty professionals and 
tailored specifically to laboratory buildings (Dale Sartor, June 4, 2008 ). There is no certification 
program under Labs21 or EPC. However, USGBC is developing a LEED application program for 
laboratories based on EPC (Dale Sartor, June 4, 2008 ). 
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Chapter 2: Methodology 
2.1 Design Scope  
   This project looks only at the mechanical system design of second floor, pharmaceutical 
Section for the center. Although the lighting system is evaluated during the load calculation 
process, lighting design is not part of the project scope. The pharmaceutical location is illustrated 
in the following graph. 
 
 
 
Figure 20: Location of the pharmaceutical building on the key plan 
  
 
    
 
PHAR
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   The total floor area for the second floor is about 2372 m2 (25532 ft2). Here is a list of 
identified spaces on the floor:  
• Culture Fluid Prep Room:  
Room to prepare fluid that maintain tissue cells in a condition suitable for growth 
• Fluid Prep Room:  
Room to prepare laboratory fluid 
• Microbiology Lab 
Room for microbiology experiments 
• Microbiology Lab Sub 
Substitute room for microbiology experiments 
• Gene Analysis Room 
Room for gene analysis 
• ICP Room 
Intense patient care room 
• Inorganic Substance Prep Room 
Room where inorganic substances are prepared 
• Preparatory Room 
Room for general lab preparation 
• Fungal Toxin Room 
Room where fungal toxin is prepared 
• Hazardous Material Room 
Lab space where hazardous material is involved 
• Food Equipment Room 
Room where food is prepared and tested 
• Reagent Storage 
Room to store reagent 
• Irradiated Food Room 
Room to conduct experiments with irradiated food 
• Weighing Room 
Room where products are weighed 
• Specimen Storage 
Room to store specimens 
• Men's room 
• Women's room 
• Corridor 
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2.2 Original Design Summary 
  Cannon's mechanical system design for the second floor, pharmaceutical building of the 
center can be found in the Cannon Design Engineering Narrative. The design followed Korean 
Building Code, International Building Code (IBC) 2012, International Mechanical Code (IMC) 
2012, and International Energy Conservation Code (2012).  
   Cannon's design assumed the temperature condition being “32.2 Celsius db/25.5 Celsius wb 
in the summer and -12.4 Celsius/2.8 grains moisture/lb dry air in the winter. All  laboratory areas 
had a six Air Change/Hour (ACH) ventilation rate. The internal load was designed based on the 
following table: 
 
Table 1: Original design decision on interior load 
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     The author of this project was involved with the load calculation for this project during her 
co-op experience at Cannon Design. The load calculation spreadsheet and the mechanical Design 
Development (DD) drawings of the second floor can be found in the Appendix.  
  
44 
 
 
` BUILDING MECHANICAL SYSTEM DESIGN FOR NEW SCIENCE WORKPLACE 
 
2.3 Load Calculation 
   Heating and cooling load calculation is the foundation of building mechanical system 
design. Every component that conditions the indoor environment is designed based on load 
calculation results. An accurate load calculation can not only help reduce first cost in building 
construction, it also decreases building energy consumption in the long run.  
   There are different procedures between residential and non-residential load calculation. 
Non-residential load calculation is usually more complicated because of the building size, 
envelope design, and complexity of internal equipment. A laboratory building, as a sub-category 
of non-residential buildings, has unique design challenges in terms of toxic exhaust and laboratory 
equipment load. 
   Load calculations are based on heat transfer principles. It depends on the building envelope, 
internal conditions, and outside conditions. Basic information such as the thermal resistance value 
(R-value) of the exterior structure and the building geometry are necessary to conduct the load 
calculation. For non-residential buildings, CLF/CLTD/SHGF corrections also need to be 
considered.  
 
 
 
2.3.1 Exterior Load 
   In cooling load calculation, the exterior load is composed of conduction through building 
structure, solar radiation through glass, and heat infiltration of outside air through openings. The 
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cooling loads caused by exterior conduction through roof, walls, and glass can be calculated by 
the equation:  
 
Q=U*A*CLTDc 
Where:  
Q=heat gain through roof, wall, or glass (BTU/hr) 
U=1/R, heat transfer coefficient (BTU/hr*ft2*F) 
A=area of roof, wall, or glass, ft2 
CLTDc=Corrected Cooling Load Temperature Difference, °F 
 
   The equation is similar to the heating load calculations, except for the replacement of TD 
(interior and exterior temperature difference) to CLTDc. CLTD, the Cooling Load Temperature 
Difference, is an altered value that takes the “heat storage/time lag effects” into account. There are 
different CLTD temperatures for roof, wall, and glass. Solar time, orientation, and material all 
impact the value of CLTD. 
      For the design scope of Only One Center, the only exterior load is from the perimeter 
corridor area. This is because no other rooms have structure exposed to the outside. According to 
the project scope, only the second floor is being re-designed. Therefore, no heat gain/loss from the 
roof needs to be considered. The perimeter corridor had a kinetic façade design, but to avoid over-
complex load calculation, the kinetic façade was not taken into account in this study.  
Solar radiation is another heat gain consideration besides conduction. Solar radiation only 
occurs when the exterior material is transparent. In most cases, windows or curtain wall glass are 
the main solar radiation sources. Solar radiation heat gain depends on month, orientation, and 
latitude. The calculation follows the equation: 
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Q=SHGF*A*SC*CLF 
Where:  
Q=solar radiation heat gain (BTU/hr) 
SHGF=maximum solar heat gain factor, BTU/hr-ft2 
SC=shading coefficient 
A=area of glass, ft2 
CLF=cooling load factor for glass 
  
To simplify the exterior load calculation, the corridor area is divided into five segments: 
Northeast, East, Southeast, South, and Southwest. The architectural grid lines separate each 
segment from one another, and the names show the orientation of each segment. The graph below 
shows the layout of the five segments accordingly. 
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   The floor area of the five segments can be easily obtained through Revit software. Here is a 
summary of the floor areas: 
Segment Floor area (ft2) 
NE 371.2 
E 355.1 
SE 227 
S 355.1 
SW 808.1 
Table 2: Floor area by segments 
Figure 21: Exterior corridor floor plan 
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Similarly, from a section view in Revit, the floor to ceiling height for level 2 is measured as 
3000 mm (9.8 ft), and the ceiling to ceiling height from level 2 to level 2 is 5500 mm (18.0 ft.). 
Therefore, the glass to opaque ratio of 55:45 is applied. The U-vale for the opaque wall structure 
is 0.5 BTU/hr*ft2*F and the U-value for the glass is also 0.5 BTU/hr*ft2*F with a 0.82 shading 
coefficient.  
 
Figure 22: Elevation plan of Level 02 
The only other information required for heat gain calculation is the CLTD and SHGF factors. 
Instead of manually looking up all the information from the book, a load-data spreadsheet was 
created, and the Excel [LOOKUP] function can help with determining the appropriate CLTD and 
SHGF to apply to each Month-Hour combination. For example, to get the CLTD for the 
Northeastern wall at 5pm in November, the following [LOOKUP] function is applied: 
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=HLOOKUP(L11,'[LOAD-DAT (1).xls]WALL'!$D$13:$AA$84,(VLOOKUP(AD11,'[LOAD-DAT 
(1).xls]WALL'!$B$16:$C$24,2)+2+VLOOKUP(D11,'[LOAD-DAT (1).xls]WALL'!$H$3:$I$10,2))+1)+AB11+AA11 
 
The [LOOKUP] function output the result of total solar and transmission heat gain at 5pm in 
November, which is -431 BTU/hr.  
All the total solar and transmission heat gains at different month-hour combinations can be 
filled out accordingly with the same [LOOKUP] procedure. The table below demonstrates the 
result for Northeast portion of the perimeter corridor. The table is color coded based on the heat 
gain value, where the red block represents the highest heat gain and the green block represents the 
lowest heat gain. The color blocks follows a topographic layout for all five segments.  
NE 9 10 11 12 13 14 15 16 17 
May 14502  13012  11813  10869  10620  10527  10081  9454  8456  
June 16354  14808  13563  12585  12314  12209  11740  11091  10058  
July 15543  14077  12898  11968  11729  11641  11205  10588  9604  
August 13408  12162  11158  10359  10208  10164  9815  9286  8434  
September 8763  7866  7141  6552  6541  6567  6357  5968  5325  
October 4771  4190  3719  3320  3435  3524  3441  3178  2726  
November 471  150  -114  -357  -138  3  25  -134  -431  
Table 3: Topographic layout for the northeast segment 
The peak load for the five segments are 16,354 BTU/hr on the northeast side, 25,291 BTU/hr 
on the east side, 13,622 BTU/hr on the southeast side, 27,971 BTU/hr on the south side, and 62,873 
on the southwest side. The building peak cooling load is 107,674 BTU/hr, which occurs at 4pm in 
September. The building peak load is smaller than the sum of individual peak loads because those 
peaks do not occur at the same month-hour combination.  
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2.3.2 Interior Load 
   Lighting, people, and equipment can all contribute to the internal heat gain of a space. For 
modern buildings, the interior load is often more significant than the exterior load (Holtz, Fall, 
1970). The best approach to calculate interior load is to count the exact number of fixtures and 
occupants. However, it is also common to use a “W/sf” assumption. When calculating the interior 
load for this project, the adjacent space was divided into three groups: lab, corridor, and 
restroom/storage. Lab spaces have the highest internal load density out of the three. The graph on 
the next page showed the group layout on the floor plan:  
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Figure 23: Colored floor plan based on room function 
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   For equipment and lighting, the W/sf estimates for this project were all based on Labs21 
practice guide. Those practice guides gave reasonable estimates for high performance labs, thereby 
avoiding over-sizing HVAC systems. The load criteria are summarized as follows:  
 Lighting Equipment 
Lab 1.8 W/ft2 (6.14 BTUH/ft2) 12 W/ft2 
Corridor 0.7 W/ft2 1.8 W/ft2 
Storage 1.8 W/ft2 1.8 W/ft2 
Restroom 1 W/ft2 0.5 W/ft2 
Table 4: Lighting and equipment load design criteria 
All the lighting fixtures are assumed to be recessed fluorescent lights. Based on the lighting 
and equipment density chart above, the lighting and equipment load can be calculated. The result 
can be found in the Load Calculation spreadsheet in the Appendix section.  
Different from lighting and equipment, the heat gain from occupants has two different 
components: latent heat and sensible heat. Latent heat gain is from perspiration and respiration, 
and it cannot be absorbed by the heat storage effect. The rate of heat gain of people also depends 
on their activities. In this project, the degree of activity is “light work”, where the sensible heat 
gain is 250 BTU/hr and the latent heat gain is 200 BTU/hr.  
The original design used a people/ft2 to count the occupant density. To achieve a more 
accurate occupancy estimation, the workstations were counted as a representation of the occupancy 
number, and there is1 occupant for every two workstation places. The graph below demonstrates 
the process. 
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Figure 24: Floor plan for the occupancy load examples 
  The occupant sensible heat gain will be added towards the total room sensible heat gain, and 
the latent load will be used later for a latent load check.  
The purpose for the load calculations is to get an accurate air ventilation rate to right-size the 
systems. The floor plan below shows the air ventilation rate (ft3/min) for each room. 
 
 
 
 
  
ROOM NAME OCCUPANCY 
MICROBIOLOG
Y LAB 
8 
FLUID PREP 
ROOM 
4 
CULTURE FLUID 
PREP 
1 
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Figure 25: Floor plan with sensible airflow 
Some of the lab rooms are equipped with fume hoods at the Only One Center. Fume hoods 
are a significant factor in energy consumption. A single fume hood can consume an equivalent 
amount of energy as 3.5 residential homes (Dille). 
On the second floor (Pharmaceutical), five rooms have fume hoods. There are 6-foot fume 
hoods located in all five rooms, and the ventilation rate for each of them is 750 CFM/fume hood 
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during full operation. There is one 4-foot fume hood located in the Irradiated Food Prep Room, 
and the ventilation rate requirement for that is 750 CFM/fume hood during full operation. The 
following table summarizes the fume hood schedule: 
Room Name Fume Hood (Type&Quantity) Fume Hood (total CFM) 
Hazardous Material Prep Room 6-foot (8) 6000 
Fungal Toxin Analysis Room 6-foot (3) 2250 
Preparatory Room 6-foot (16) 12000 
Inorganic Substance Prep Room 6-foot (5) 3750 
Irradiated Food Prep Room 6-foot (2), 4-foot (1) 2000 
Table 5: Fume hood schedule 
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2.4 System Design 
          The design goal for this project is to evaluate the original mechanical system design and re-
design a more efficient alternative. The design temperature is 75F Dry Bulb with 50% humidity. 
The first step is to look at the airflow control through a pressurization study. Then both VAV and 
Active Chilled Beam for each room/space can be sized according to the maximum supply. After 
that, the maximum exhaust can be determined according to the pressurization study (or the fume 
hood exhaust values, depending on which one is greater), and the exhaust valves can be sized 
according to the maximum exhaust.  
           After the system placement, ductwork can be sized and duct pressure drop can be calculated. 
Following will be a latent check and a room by room case scenario to determine which system 
design holds the most advantage. 
    
2.4.1 Pressurization Study 
Room pressurization study is conducted to determine room transfer airflow (SIEMENS, 
06/2014). Transfer airflow means the air that goes between two adjacent rooms as a result of their 
pressure differences. Airflow control design can avoid potential toxin exhaust contamination and 
harmful pathogen contamination (SIEMENS, 06/2014).  
In this project, all the rooms with laboratory functionality are designed as “negative space”, 
because air from those rooms, especially the fume-hood rooms, often holds a number of chemical 
fumes or gases. The restrooms are also designed as negative to meet the ventilation requirement. 
The storage rooms and the corridor spaces are designed as neutral because there is no toxic gas in 
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this area. The following graph demonstrates the pressurization study and the resulting airflow 
design.  
 
 
Figure 26: Pressurization plan with airflow direction 
The pressurization relationship between adjacent rooms can be interpreted through the room 
supply airflow and exhaust airflow balance. If the room is designed to be a “negative space”, the 
exhaust airflow should be 100 CFM more than the supply airflow. For instance, the Fluid Prep 
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Room has 1500 CFM supply airflow, therefore, the exhaust airflow should be 1600 CFM in order 
to keep the space as a “negative area”.   
 
 
 
2.4.2 Latent Check 
It was mentioned in the load calculation part that the latent heat gain from each occupant is 
200 BTU/hr, assuming a light working condition. Since the design condition needs to be 75 °F 
(dry bulb temperature) and 50% Ralative Humidity (RH) to maintain thermal comfort, the 
mechanical system design has to dehumidify those latent loads and with appropriate supply air 
temperature to meet the design condition.    
The equation to determine latent cooling load:   
Ql = 0.68*CFM*(Wo’-Wi’)  
where 
Ql=latent cooling load from ventilation air (BTU/hr) 
CFM=air ventilation rate (ft3/min) 
Wo’=outdoor humidity ratio (gr w./lb d.a.)  
Wi’=indoor humidity ratio (gr w./lb d.a.) 
 
 
In the context of the project, “CFM” equals supply load for each room, “Wi”, 65 grains/lb., 
can be found on the psychometric chart with the design condition (75 °F DB, 50% RH). The 
temperature coming out of the air handling unit coil is approximately 54.5 °F (dry bulb 
temperature)/54.4 °F (wet bulb temperature). The humidity ratio is 63.4 grain/lb.  
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The latent check procedure is demonstrated using the microbiology lab as an example:  
 
 
Ql max (Latent Capacity) = 0.68*CFM*(Wo’-Wi’)  
     =0.68*2640*(64.9-63.4)  
     =2692.8 BTU/hr 
Ql =8 people * 200 BTUH/person=1600 BTU/hr 
 
Ql < Ql max, pass latent check 
 
 
           The table below showed the latent check for all the rooms.  
room 
occupancy 
(people) 
latent load 
(BTUH) 
sensible 
load (CFM) 
Latent Capacity 
(BTU/hr) check* 
culture fluid prep  1 200 545 555.9 355.9 
FLUID PREP RM  4 800 1500 1530 730 
MICROBIOLOGY LAB 8 1600 2640 2692.8 1092.8 
MICROBIOLOGY LAB SUB 8 1600 1915 1953.3 353.3 
GENE ANALYSIS ROOM 4 800 1720 1754.4 954.4 
ICP ROOM 6 1200 2250 2295 1095 
INORANIC SUBSTANCE PREP ROOM 4 800 1625 1657.5 857.5 
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PREPARATORY ROOM 4 800 2640 2692.8 1892.8 
FUNGAL TOXING 3 600 910 928.2 328.2 
HAZARDOUS MATERIAL 10 2000 3440 3508.8 1508.8 
FOOD EQUIPMENT 3 600 1225 1249.5 649.5 
REAGENT STORAGE 0 0 115 117.3 117.3 
IRRADIATED FOOD 2 400 1235 1259.7 859.7 
WEIGHING ROOM 0 0 110 112.2 112.2 
SPECIMEN STORAGE 0 0 300 306 306 
Men's room 0 0 65 66.3 66.3 
Women's room 0 0 65 66.3 66.3 
corridor 0 0 385 392.7 392.7 
lab head 1 200 545 555.9 355.9 
reagent receipt room 1 200 545 555.9 355.9 
research analysis 13 2600 3475 3544.5 944.5 
Table 6: Latent check table 
*if the check value is greater than 0, then the room passed the latent check. 
Since all the rooms passed the latent check, the temperature coming out of the coil can be 54.5 
DB. Since there is a small heat gain in the fan, the supply air of 57 °F DB can be applied.  
 
 
2.4.3 Room by Room Analysis 
A room by room analysis is conducted to decide whether reheat or active chilled beam (ACB) 
design is necessary. The values included in the analysis are: 
• Fume Hood Maximum (CFM) : the air ventilation rate when all the fume hoods are in 
full operation mode 
• Hood Minimum (CFM) : the air ventilation rate when the sashes of the fume hoods 
are shut down (25% of Fume Hood Maximum) 
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• Cooling Load (CFM): the supply cooling load based on total sensible heat gain 
• Ventilation (4 ACH, CFM): minimum ventilation rate (4 air change per hour) to meet 
the design criteria for this project.  
  For rooms with fume hoods, four design conditions will be discussed:  
1. Maximum exhaust and maximum cooling load  
2. Maximum exhaust and minimum cooling load  
3. Minimum exhaust and maximum cooling load  
4. Minimum exhaust and maximum cooling load  
     For rooms without fume hoods, the maximum exhaust is not dominated by hood exhaust, 
therefore, only two design conditions will be discussed.   
1. When room has exhaust and maximum cooling load  
2. When room has exhaust and minimum cooling load  
Fume Hood Room Example:  
1. Inorganic Substance Prep Room 
Hood Max (CFM) : 3750 Hood Min (CFM) : 940   
Cooling Load (CFM):  1625 
Ventilation (4 ACH, 
CFM): 420   
  Supply CFM General Exhaust Reheat 
Chilled 
Beam 
Max ex/max cooling 3650 0 / N/A 
Max ex/min cooling 3650 0 / N/A 
Min ex/max cooling 1625 785 / 1205 
Min ex/min cooling 840 0 yes N/A 
Analysis: 
1. In the first two condition, fume hoods' minimum exhaust is larger than the minimum general 
exhaust. Therefore no general exhaust is required. 
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2. General exhaust is required in the "minimum ex/maximum cooling" condition, the amount of 
general exhaust required=[max supply]+100-[fume hood min exhaust] 
3. Reheat is required in the min. cooling condition because the cooling capacity that the minimum 
supply air provides could exceed the load.  
4. Chilled beam is not advantageous whenever the fume hoods are operating. Therefore, a VAV 
box is chosen in this room. Since the maximum supply air is 3650 CFM, two 14" VAV are 
placed in this room. 
 
Non-Fume Hood (-) Room Example: 
 
6. Culture Fluid Prep 
Genera Exhaust Max (CFM) : 645 
Ventilation 
(4 ACH, 
CFM): 
142 
Cooling Load (CFM):  545 
  
Supply 
CFM 
General 
Exhaust Reheat 
Chilled 
Beam 
GX/max cooling 545 645 No  Yes 
      
GX/min cooling  0 142 No  Yes 
 
Analysis: 
1. Reheat is required in any room with minimum supply air flow (4ACH), as long as minimum 
is greater than zero. In this case, reheat is not required because “supply air” in minimum 
cooling condition is zero. However, when there is large CFM imbalance, in terms of 
pressurization, there could be disadvantages of noise, pressure when opening the doors, etc. In 
this case, as a design decision, 142 CFM (compared to 100 CFM typical) is not significant 
enough to cause such issues. 
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2. Chilled beam strategy: less CFM, but may require reheat during minimum cooling. The chilled 
beam primary air capacity=cooling load-latent load. In this room, the latent load is 200 CFM. 
As a result, the chilled beam capacity only needs to be 345 CFM.  
Chilled beam=1.1*(75-56)*345=7210 (BTUH) 
3. VAV strategy: more CFM, no reheat, air volume varies from 0-545 CFM 
4. A further design enhancement: could integrate chilled beam with variable primary air. 
 
Neutral Storage Room (0) Example: 
 
15. SPECIMEN STORAGE 
Genera Exhaust Max (CFM) : 368 Ventilation (4 
ACH, CFM): 
368 
Cooling Load (CFM):  300 
  Supply CFM 
General 
Exhaust Reheat 
Chilled 
Beam 
Max ex/max cooling 300 368 / N/A 
          
Max ex/min cooling 300 368 no N/A 
1.  No latent load and the cooling load 
2. Cooling load is not significant.  
3. Same supply airflow in both maximum cooling and minimum cooling condition (due to 
ventilation and airflow balance). 
4. Small size VAVs will be placed.  
 
           Conclusion: 
              Based on the room by room analysis, it is determined that Active Chilled Beam could not 
benefit rooms with fume hoods due to the large maximum make up air requirement. Therefore, 
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VAV boxes will be used in those rooms. In the non-hood rooms with latent load, Active Chilled 
Beams have the advantage of airflow reduction. Therefore, Active Chilled Beams will be placed 
in those rooms. The storage rooms do not have latent load and the cooling load is not significant. 
Therefore, small size VAVs will be placed.  
 
2.4.4 VAV and Exhaust Valve (EV) Sizing 
The “Room by Room Analysis” determined whether to use Active Chilled Beams or VAV 
boxes in a certain room, which leads to the next step-sizing the mechanical systems for all the 
rooms. In this project, the VAV boxes were sized based on an ASHRAE article, “Sizing VAV 
Boxes”, by Steven T. Taylor (Taylor & Stein, 2004):  
 
Figure 27: VAV sizing chart 
This project will use VAV boxes from 6” inlet size to 16” inlet size. The placement will be 
based on the maximum CFM guideline shown above. 
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 2.4.5 Chilled Beam Design 
            The Active Chilled Beam design follows a design guide published by Trox 
(www.troxusa.com). Active Chilled Beams will be applied in the following rooms: 
Culture fluid prep room 
Fluid prep room 
Microbiology lab 
Microbiology lab sub 
Gene analysis room 
ICP room 
Food equipment 
Research analysis room 
Per discussion in Section 3.4.3. The primary airflow and total airflow has to be calculated 
to determine how many linear feet of chilled beam are required in each room. The 
calculation procedure is shown using “Culture Fluid Prep Room” as an example: 
Culture Fluid Prep Room-Active Chilled Beam design 
Known:  
• Room area=237 ft2, room volume=2320 ft3 
• Minimum air change rate=6 ACH 
• Room sensible load: 11,390 BTU/hr 
 
Question: what is the total airflow capacity in CFM/LF?  
 
Minimum Primary Airflow=6 ACH/(60/2320 ft3)= 232.0 CFM 
Sensible load/minimum primary airflow=11,390 BTU/hr /232.0 CFM =49.1 
 → choose DID-302-US with nozzle B 
Primary Airflow (Corrected)=15 CFM/LF 
Total airflow capacity for type B nozzle=4.2*primary airflow (corrected)=65 CFM/LF     
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         Trox DID-302-US with nozzle B was the type of active chilled beams chosen for 
all rooms. The graph below showed the system layout on the pharmaceutical building, 
level 2.  
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Figure 28: Mechanical system plan on the pharmaceutical building, level 02 
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2.5 Ductwork Design 
       Ductwork transfers supply or exhaust air to the building environment. Ductwork design 
has an impact on room acoustic performance, air pressure, and air quality.  
 
2.5.1 Ductwork Sizing 
           The ductwork in this project was sized based on the airflow required in the room (CFM) 
and friction loss. Medium pressure ductwork with 0.2 inches of water per 100 feet friction loss 
was applied. Round ductwork was used for smaller size ductwork (d≤16 inches). For larger size 
ductwork (d≥16 inches), the round ductwork was converted to a rectangular equivalent. The main 
branch connected to the shaft was a 48" by 48" rectangular duct carrying 50,746 CFM of supply 
air. The following graph shows the layout of the supply ductwork.  
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Figure 29: Supply ductwork layout 
 
70 
 
 
` BUILDING MECHANICAL SYSTEM DESIGN FOR NEW SCIENCE WORKPLACE 
 
2.5.2 Ductwork Pressure Loss 
        To determine pump or fan pressure requirements in an HVAC project, the ductwork 
pressure loss information is required. The straight ductwork pressure loss can be calculated based 
on the turbulent flow principles. The Darcy-Weisbach relation is applied in the calculation:  
𝐻𝐻𝑓𝑓 = 𝑓𝑓 𝐿𝐿𝐷𝐷 𝑉𝑉22𝑔𝑔 
Where  
𝐻𝐻𝑓𝑓=pressure loss in the straight duct 
f=friction factor 
L=length of the ductwork 
D=diameter of the ductwork 
V=velocity of the fluid or air 
 
For ductwork fittings, the pressure loss is not only due to turbulence, but also due to change 
in direction. The pressure loss in duct fittings can be calculated using the “equivalent length” 
method or the “loss coefficient” method. 
In this project, the highlighted branch was assumed to be the branch with the largest 
pressure loss due to the branch length.  
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Figure 30: Ductwork branch with the highest pressure loss 
             The pressure loss was calculated based on the turbulent principles. The fitting coefficients 
were determined based on ASHRAE handbook 2009, 21.63. The cumulative pressure loss for the 
highlighted branch turned out to be 5.348 in. wg.  
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2.6 Energy Evaluation 
   The Bin Method was applied to conduct energy use projections. The Bin Method divides 
temperature intervals and time periods into multiple segments. In this project, the year-round 
weather data in Osan, Korea are separately in 5 °F increments bins, while the daily occupancy is 
divided into three 8-hour shifts. The energy consumptions are evaluated separately in each bin. 
The following table demonstrates the layout of the bins.  
   Compared with “rules of thumb” estimation used in the original design, the bin method is 
more precise. One of the advantages of the bin method is that it can manipulate energy 
consumption based on occupied and unoccupied hours. For large commercial buildings, occupancy 
is a pronounced factor for load estimation (Handbook, 1980). There is a huge difference between 
occupied and unoccupied hours in terms of heat gain, indoor temperature, and ventilation rate.  
    The design condition in this project is based on DOD weather data for Osan AFB, Korea. 
The average daily temperature range in Osan Korea is 17 degree Fahrenheit. The following table 
shows a month by month average temperature according to the “Engineering Weather Data” (Air 
Force, 1978).  
 
Table 7: Monthly temperature in Osan, Korea 
  
 Osan AFB, Korea 16
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 2 3 4 5 6 7 8 9 10 11 12
49 52 64 79 84 91 91 91 84 79 69 59
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Based on Korea’s latitude (36.0° N, 128.0° E), the hourly distribution can be filled in the 
following form. 
DB 
(°F) 
Frequency 
 Hours Frequency Hours Frequency Hours 
1am-9am 9am-5pm 5pm-1am 
97  0 3  0 
92  0 41 4 
87 1 164 26 
82 34 267 114 
77 206 324 268 
72 50 302 278 
67 239 240 255 
62 220 195 238 
57 228 184 215 
52 200 182 209 
47 205 169 199 
42 200 190 193 
37 214 217 206 
32 274 183 262 
27 228 123 196 
22 164 77 118 
17 110 37 75 
12 73 16 36 
7 39 3 18 
2 20 1 3 
-3 10 0 1 
Table 8: Hourly distribution in the temperature bins 
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 Following this generic non-residential building operating schedule, hours/year in occupied 
and unoccupied condition in each temperature increment can be calculated.  
Shift 01-08 09-16 17-24 
  Mid-8a 8a-4p 4p-Mid 
Hours/Day 2 8 2 
Days/Week 5 6 5 
 
Here is an example for the calculation procedure of 95-99 °F bin:  
DB 
(°F) 
Frequency Hours Frequency Hours Frequency Hours 
12am-8am 8am-4pm 4pm-12am 
97  0 3  0 
 
Occupied (Hours/year):  
= [Frequency Hours 12am-8am]* [Shift 1 Hours/Day]*[Shift 1 Days/Week]/ [7 days*8 
hour] +   
   [Frequency Hours 8am-4pm]* [Shift 2 Hours/Day]*[Shift 2 Days/Week]/ [7 days*8 
hour] +   
   [Frequency Hours 4pm-12am]* [Shift 3 Hours/Day]*[Shift 3 Days/Week]/ [7 days*8 
hour] +  =0*2*5/56+3*8*6/56+0*2*5/56 
=2.6 (hours/year) 
    
Unoccupied (Hours/year):  
= [Frequency Hours 12am-8am]+[Frequency Hours 8am-4pm] +[Frequency Hours 4pm-
12am]-  
   Occupied hours/year  =0+3+0-2.6 
=0.4 (hours/year) 
 
Excel spreadsheet can simplify such calculation procedure. The full result is listed below.  
Temperature Bin (F) 
  
Occupied 
Hours/Year 
Unoccupied 
Hours/Year 
95/99 2.6  0.4  
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90/94 35.9  9.1  
85/89 145.4  45.6  
80/84 255.3  159.7  
75/79 362.4  435.6  
70/74 317.4  312.6  
65/69 293.9  440.1  
60/64 248.9  404.1  
55/59 236.8  390.2  
50/54 229.0  362.0  
45/49 217.0  356.0  
40/44 233.0  350.0  
35/39 261.0  376.0  
30/34 252.6  466.4  
25/29 181.1  365.9  
20/24 116.4  242.6  
15/19 64.8  157.3  
10/14 33.2  91.8  
05/09 12.8  47.3  
00/04 5.0  19.0  
<0 2.0  9.0  
Sum 3506.3  5040.7  
Table 9: Temperature distribution in occupied and unoccupied conditions 
The values to be calculated by Bin Method in this project are: 
• Solar and transmission load in each temperature bin 
• Internal load with occupancy in each temperature bin 
• Internal load without occupancy in each temperature bin 
• Occupied time energy consumption  
• Unoccupied time energy consumption 
The solar and transmission load in each temperature bin is calculated by linear interpolation. 
The temperature bin [70-74] does not require any heating or cooling, therefore, it is set to be 
zero. The temperature bins above [70-74] were interpolated with the peak building skin cooling 
load, 146,112 BTU/hr, and the temperature bins below [70-74] were interpolated with peak 
building skin heating load, 96,050 BTU/hr.  
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The internal load with occupancy in each temperature bin was the sum of 100% of lighting, 
equipment and occupancy sensible cooling load. The internal load without occupancy did not 
count occupant cooling load, and only 30% of lighting and equipment load.  
The occupied time energy consumption is the sum of solar/transmission load and occupied 
load; the unoccupied time energy consumption is the sum of solar/transmission load and 
unoccupied load. The energy consumption can be translate into “kwh” as an input energy value,  
 
OS 
Temp 
Solar/ 
Transmission 
(BTUH) 
Internal 
Load 
(OC) 
(BTUH) 
Occupied 
Load 
(BTUH) 
Internal 
Load (UN) 
(BTUH) 
Unoccupied 
Load 
(BTUH) 
Occupied 
BTU 
Unoccupied 
BTU 
Occupied 
(kwh) 
Unoccupied 
 (kwh) 
95/99 146112 595940 742052 173307 319419 1908135 136894 559 40 
90/94 146112 595940 742052 173307 319419 26607881 2920404 7798 856 
85/89 109584 595940 705524 173307 282891 1.03E+08 12901857 30063 3781 
80/84 73056 595940 668996 173307 246363 1.71E+08 39347713 50052 11532 
75/79 36528 595940 632468 173307 209835 2.29E+08 91413179 67166 26791 
70/74 0 595940 595940 173307 173307 1.89E+08 54170860 55440 15876 
65/69 -6403 595940 589537 173307 166904 1.73E+08 73449602 50784 21526 
60/64 -12807 595940 583134 173307 160500 1.45E+08 64853666 42542 19007 
55/59 -19210 595940 576731 173307 154097 1.37E+08 60125417 40028 17621 
50/54 -25613 595940 570327 173307 147694 1.31E+08 53459902 38282 15668 
45/49 -32017 595940 563924 173307 141291 1.22E+08 50299432 35864 14741 
40/44 -38420 595940 557521 173307 134887 1.3E+08 47205709 38076 13835 
35/39 -44823 595940 551117 173307 128484 1.44E+08 48309946 42156 14158 
30/34 -51227 595940 544714 173307 122081 1.38E+08 56941870 40320 16688 
25/29 -57630 595940 538311 173307 115677 97511117 42321351 28578 12403 
20/24 -64033 595940 531907 173307 109274 61891209 26514541 18139 7771 
15/19 -70437 595940 525504 173307 102871 34026380 16176405 9972 4741 
10/14 -76840 595940 519101 173307 96467 17223017 8857765 5048 2596 
05/09 -83243 595940 512697 173307 90064 6536891 4255523 1916 1247 
00/04 -89646 595940 506294 173307 83661 2513388 1592540 737 467 
<0 -96050  595940 499891 173307 77257 981928.1 698075 288 205 
Table 10: Bin method result 
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At each temperature segment, other relative heating and cooling design conditions, such as 
Humidity Ratio (W, lb/lb), Specific Enthalpy (h), Wet Bulb Temperature in absolute, 
thermodynamic temperature scale (WBK, Kelvin), Partial Vapor Pressure, and Absolute Vapor 
pressure, can be found using a psychometric chart. That information will also be relevant to 
conducting energy analysis based on Bin Method (Handbook, 1980).  
  
78 
 
 
` BUILDING MECHANICAL SYSTEM DESIGN FOR NEW SCIENCE WORKPLACE 
 
Chapter 3: Result and Discussion 
3.1 Load Calculation Re-visit 
3.1.1 Exterior Load 
       In the original design, the heat gain was assumed to be 28 BTUH/ft2 for all the perimeter 
corridor spaces. In terms of cooling load, the original design deliberated 300 CFM/column bay for 
the northeastern side of the pharmaceutical building and 450 CFM/column bay for the 
southwestern side. The total exterior load is 4950 BTU/hr.  
      In the new design, the CLF/CLTD method was applied. The design looked into building 
structure, exterior component material R-values, as well as the geographical information of Seoul, 
Korea. The new design also counted artificial lighting load as part of the corridor heat gain 
component. The conditional formatted tables gave a perspective of how the load would change 
over different month and hour combination.  
    The numerical comparison between the original and new calculation are displayed in the 
following table and graph. The actual total exterior load for the new design is smaller than 7235 
BTU/hr because the individual blocks do not peak at the same time. 
  
Original Exterior 
Load 
New Exterior 
Load 
NORTHEAST 600 825 
EAST 750 1250 
SOUTHEAST 450 680 
SOUTH 900 1380 
SOUTHWEST 2250 3100 
Total 4950 7235 
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Table 11: Exterior load comparison 
      The graph shows that the new load calculation results in higher exterior load, especially 
for the Southwest side. One hypothesis is that since the new load calculation included solar 
radiation heat gain through glass and the building has full glazing exterior. Therefore, the solar 
radiation heat gain contributed significantly to the total heat gain.  
       The new load calculation may be more accurate since it took more factors into 
consideration. The “heat gain/ft2” may be more suitable for internal heat gain since because the 
internal heat gain does not have to deal with the complexity of weather conditions. The original 
calculation may cause temperatures in the corridor to be higher than the design temperatures in the 
peak month.  
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3.1.2 Interior Load 
            The original and the new interior load calculation followed the same equipment load 
density for laboratory areas (12W/ft2). The original design had a lower and uniform lighting 
density, while the new design has different lighting capacities for different room categories. The 
new design also used lower equipment load for storage spaces, according to Labs21 guidelines. 
The following table summarizes the lighting and equipment density assumptions between the two 
designs.  
Original Interior Load Design:   
 Lighting Equipment 
Lab 1.0 W/ft2 (6.14 BTUH/ft2) 12 W/ft2 
Corridor 1.0 W/ft2 0 W/ft2 
Storage 1.0 W/ft2 12 W/ft2 
Restroom Not specified Not specified 
 
New Interior Load Design:   
 Lighting Equipment 
Lab 1.8 W/ft2 (6.14 BTUH/ft2) 12 W/ft2 
Corridor 0.7 W/ft2 1.8 W/ft2 
Storage 1.8 W/ft2 1.8 W/ft2 
Restroom 1 W/ft2 0.5 W/ft2 
 
In terms of occupant load, the original design assumed 200ft2/person for all spaces except the 
corridor. Instead of separating sensible and latent load, the original design assumed 500 
BTUH/person.  
The new design considered room functionality in occupancy load calculation. There would be 
zero occupants in weighing room, storage rooms, and corridor. In the lab spaces, the number of 
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occupants are counted based on the number of workstations in the architectural drawing. The new 
design also separates the latent load from sensible load, because latent load is critical in deciding 
whether or not to apply active chilled beam systems to a space.  
 
3.2 System Design  
       In the original design, Active Chilled Beam (ACB) system was proposed for all the open 
lab areas for the advantage of “simplicity of maintenance, competitiveness of net construction cost, 
and superior energy performance” (quoted from ACB Assessment White Paper). Open labs were 
the target space because the floor layout was more likely to change over time, and Active Chilled 
Beam (ACB) has the flexibility to accommodate ever-changing lab space cooling load. On the 
second floor pharmaceutical area, the “Research Analysis” Space was served by Active Chilled 
Beams, and the rest areas were served with VAV boxes.  
    The new design did the system selection based on a “Room by Room Analysis”. The “Room 
by Room Analysis” showed that Active Chilled Beams would not be beneficial in the rooms with 
fume hood due to the large maximum ventilation air required. However, for the non-hood 
laboratory rooms where the sensible load exceeds the ventilation requirement, Active Chilled 
Beam system has the advantage of smaller airflow requirement, compared with the VAV system.   
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3.3 Ductwork Design  
In the new design, low pressure drop ductwork was chosen at the locations after air enters the 
VAV and Chilled Beams, and medium pressure drop ductwork was chosen at the locations before 
air enters the VAV and Chilled Beams. The design decisions of the pressure drop was made 
according to the Labs21 guideline. Sizing ductwork with smaller pressure loss can save energy.  
The main branch was a 48” by 48” rectangular ductwork, which is a noticeable reduction 
compared with the original design. The separation of sensible and latent load may have an impact 
on the duct size reduction.  
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3.4 Energy Evaluation 
3.4.1 Solar and Transmission Load 
         The solar and transmission load result can be summarized from the following graph.  
 
Table 12: Building skin load 
            Since the exterior structure is the same for the entire pharmaceutical building, the 
solar and transmission load for the entire building can also be estimated. The result is shown in 
the following graph:  
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Table 13: Solar/transmission load estimation for the whole building 
3.4.2 Energy Projection 
   The table below shows the occupied and unoccupied hour distribution. The summation of 
the hours equals to 365*24= 8760 hours.  
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Building (BTUH)
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Table 14: Hour distribution 
        The energy projection for occupied and unoccupied hours can be found in the following 
tables. The pattern for cooling bins are consistent with the hour patterns. Due to the large internal 
load, all the bins were positive in both occupied and unoccupied condition. The [75-79] bin 
contained the highest energy consumption for both occupied and unoccupied conditions. One 
reason was that the bin has the most hours.  
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Table 15: HVAC energy projection-occupied/unoccupied hours (kWh) 
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Chapter 4: Conclusion and Future Recommendations 
          Overall, the building mechanical system design for new science workplace was an 
excellent design project experience to get a whole perspective of HVAV system design. Because 
laboratory buildings are complex in nature, the design needs to take additional components into 
account.  
       A heavy focus was placed onto load calculation in this project. This is because load 
calculation affects all the design decisions and energy projections. An accurate load calculation 
is the first step to get a good mechanical system design. It is appropriate to count on the solar and 
transmission load for the building envelope, especially when a curtain wall or large glass area is 
applied. In terms of occupant load, a separate count for sensible and latent load can not only 
avoid sensible load from oversizing, but also avoid high humidity in the space.  
         System design and selection is the second step towards a successful design. Unlike office 
buildings or residential buildings, every room in the laboratory buildings may contain toxic gas 
or have specific air quality requirement. Therefore, a “room by room analysis” and an “airflow 
study” is suitable for laboratory buildings. With the latent load information obtained from the 
load calculation step, an appropriate supply air can be determined to dehumidify the space.  
        The debate between Variable Air Volume (VAV) system and Active Chilled Beam (ACB) 
system has been discussed by the MEP community. The original MEP consultant proposed a 
white paper to convince the owner to adopt the Active Chilled Beam system in the open lab area. 
In this project, the system selection was determined by a case specific method. Through a 
thorough study of room maximum and minimum air requirement, it was determined that VAV 
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system will be used in the rooms with large ventilation requirement and ACB system will be 
used in the rooms with large sensible heat requirement.  
         Fume hoods, a special component in lab buildings, are also a focus of discussion in this 
project. Fume hoods can dominate the maximum and minimum exhaust requirement in a room. 
An energy efficient laboratory not only relies on the engineering design, but also the daily 
operation, such as shutting down the sash when the fume hood is not being used.  
       Medium pressure ductwork was used in this project to achieve energy efficiency as well. 
The ductwork noise study was conducted by Dynasonic AIM. However, a realistic sound 
measure may give a more accurate result for the ACB and VAV comparison.  
       Instead of using eQuest, Bin Method was applied as the energy projection method in this 
project. The solar and transmission load was identical to all the floors. Therefore, the envelope 
load for the building can be obtained.  
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Appendix E: Chilled Beam Design Spreadsheet
101
Ductwork sizing
Room
Max 
Supply 
(CFM)
Cummilati
ve CFM
size (round 
duct, inch)
size 
(rectangul
ar duct, 
inch)
reagent 545 545 10 /
lab head 545 1090 12 / branch color layout: 
research analysis 3475 4565 22 20*20
corridor 2 563 5128 23 20*22
hazardous material roo 5900 11028 31 28*28
weighing room+reagen 225 11253 31 28*28
SW 3100 14353 34 32*30 sized with 0.2 in. of water pressure drop
fungal toxing room 2150 16503 36 32*32
irradiation food prep r 1900 18403 37 34*32
preparatory room 11900 30303 44 40*40
SE 680 680 12
ICP room 2250 2930 19 18*16
S 1380 4310 22 20*20
iorganic substance pre 3650 7960 27 24*24
food equipment prep r 1225 9185 29 26*26 39488 49 44*44
corridor 1 563 10 563 10 /
fluid prep room 1500 14 2063 16 /
spicemen storage room 300 2363 17 16*16
culture fluid prep 545 2908 18 16*16
NE 825 3733 20 18*18
gene analysis 1720 1720 16 /
E 1250 2970 19 18*16
microbiology lab sub 1915 4885 23 22*20
microbiology lab  2640 7525 26 24*24 11258 31 28*28
50746 54 48*48
* red highlighted rooms with fume foods
Appendix F: Ductwork Sizing Spreadsheet
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28-Apr-2014 DUCT PRESSURE DROP CALCULATION
DUCTPD
    Duct Size
Lngth Dia or BRANCH Fric AVG EQUIV
Ref #  ITEM or # Width Height CFM CFM P/100' VEL VP C dP dVP Cum VEL DIAM
1 AB DUCT 6 48 48 50746 50746 0.214 3380 0.712 0.013 0.000 0.013 3170 52.5
2 B FIRE DAMPER 1 48 48 50746 0.214 3380 0.712 0.19 0.137 0.000 0.150 3170 52.5
3 BC DUCT 3 48 48 50746 0.214 3380 0.712 0.006 ‐0.281 ‐0.124 3170 52.5
4 C T 1 48 48 ‐11258 39488 0.136 2630 0.431 0.03 0.014 0.000 ‐0.110 2470 52.5
5 CD DUCT 3 48 48 39488 0.136 2630 0.431 0.004 0.180 0.074 2470 52.5
6 D T 1 44 44 39488 0.207 3130 0.611 1.20 0.735 0.000 0.809 2940 48.1
7 DF DUCT 30 44 44 39488 0.207 3130 0.611 0.062 ‐0.252 0.619 2940 48.1
8 F T 1 44 44 ‐9185 30303 0.128 2400 0.359 3.12 1.122 0.000 1.741 2250 48.1
9 FG DUCT 2 44 44 30303 0.128 2400 0.359 0.003 0.169 1.912 2250 48.1
10 G T 1 40 40 30303 0.203 2910 0.528 1.20 0.636 0.000 2.548 2730 43.7
11 GH DUCT 3 40 40 30303 0.203 2910 0.528 0.006 ‐0.333 2.221 2730 43.7
12 H T 1 40 40 ‐11900 18403 0.083 1770 0.195 1.28 0.251 0.000 2.472 1660 43.7
13 HI DUCT 1 40 40 18403 0.083 1770 0.195 0.001 0.000 2.473 1660 43.7
14 I REC TRANS 1 40 40 18403 0.083 1770 0.195 0.88 0.173 0.226 2.872 1660 43.7
15 IJ DUCT 9 34 32 18403 0.208 2600 0.421 0.019 ‐0.083 2.807 2440 36.1
16 J T 1 34 32 ‐1900 16503 0.171 2330 0.338 2.06 0.699 0.000 3.506 2180 36.1
17 JK DUCT 1 34 32 16503 0.171 2330 0.338 0.002 0.000 3.508 2180 36.1
18 K REC TRANS 1 34 32 16503 0.171 2330 0.338 0.00 0.002 0.042 3.552 2180 36.1
19 KL DUCT 7 32 32 16503 0.197 2470 0.380 0.014 ‐0.092 3.473 2320 35.0
20 L T 1 32 32 ‐2150 14353 0.153 2150 0.288 2.06 0.595 0.000 4.068 2020 35.0
21 LM DUCT 12 32 32 14353 0.153 2150 0.288 0.018 0.000 4.087 2020 35.0
22 M REC TRANS 1 32 32 14353 0.153 2150 0.288 0.00 0.002 0.204 4.292 2020 35.0
23 MN DUCT 4 28 28 14353 0.290 2810 0.492 0.012 ‐0.191 4.113 2640 30.6
24 N T 1 28 28 ‐3100 11253 0.187 2200 0.302 1.92 0.581 0.000 4.695 2070 30.6
25 NO DUCT 3 28 28 11253 0.187 2200 0.302 0.006 ‐0.011 4.689 2070 30.6
26 O T 1 28 28 ‐225 11028 0.181 2160 0.291 2.06 0.601 0.000 5.290 2030 30.6
27 OP DUCT 21 28 28 11028 0.181 2160 0.291 0.038 ‐0.229 5.100 2030 30.6
28 P T 1 28 28 ‐5900 5128 0.045 1000 0.062 1.16 0.073 0.000 5.173 940 30.6
29 PQ DUCT 3 28 28 5128 0.045 1000 0.062 0.001 0.000 5.174 940 30.6
30 Q REC TRANS 1 28 28 5128 0.045 1000 0.062 0.00 0.000 0.137 5.312 940 30.6
31 QR DUCT 6 22 20 5128 0.181 1790 0.200 0.011 ‐0.042 5.281 1680 22.9
32 R T 1 22 20 ‐563 4565 0.146 1590 0.158 0.15 0.025 0.033 5.339 1490 22.9
33 RS DUCT 15 20 20 4565 0.184 1750 0.191 0.028 ‐0.180 5.187 1640 21.9
34 S T 1 20 20 ‐3475 1090 0.014 420 0.011 1.20 0.013 0.000 5.200 390 21.9
35 ST DUCT 2 20 20 1090 0.014 420 0.011 0.000 0.073 5.273 390 21.9
36 T REC TRANS 1 20 20 1090 0.014 420 0.011 2.00 0.022 0.073 5.295 390 21.9
37 TU DUCT 19 12 12 1090 0.160 1160 0.084 0.030 ‐0.040 5.286 1090 13.1
38 U T 1 10 10 ‐545 545 0.111 840 0.044 2.00 0.089 ‐0.023 5.352 780 10.9
39 UV DUCT 6 12 12 545 0.046 580 0.021 0.003 0.023 5.377 550 13.1
40 V ELBOW 1 10 10 545 0.111 840 0.044 0.24 0.012 0.000 5.389 780 10.9
41 VW DUCT 3 10 10 545 0.111 840 0.044 0.003 ‐0.044 5.348 780 10.9
Appendix G: Ductwork Pressure Loss Spreadsheet
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 Building Air System - Design Considerations and Recommendations 
 CJ CheilJedang Only One R&D Center 
 030070.08 
In our effort to design systems that conserve energy, are environmentally conscious and cost 
effective, and support the flexibility and optimized occupant safety and comfort of the New 
Scientific Workplace (NSW), we are recommending active chilled beams with a centralized air 
handling system that includes a heat pipe energy recovery system for the CJ Cheiljedang Only 
One R&D Center project. The NSW is a design strategy focused on creating new opportunities 
for collaboration and cross-disciplinary communication that would provide the Only One R&D 
Center with the ability to undertake transformational processes and create new scientific and 
cultural opportunities. The active chilled beam system is proposed to serve all open lab spaces.  
Vivariums, clean rooms, or other specialty, enclosed laboratory spaces will not be served by the 
active chilled beam system.  We also recommend having a centralized, manifolded AHU system 
that serves the open lab spaces in each “petal” tower. This would be a key concept to support 
the flexibility goals for the NSW. 
Chilled Beams 
An active chilled beam (also known as an induction diffuser) takes dry primary air, (the 
ventilation air required for the space, supplied from the main ventilation air handling system) and 
distributes the air through nozzles in the unit at high velocities creating a low pressure zone at 
the induction unit.  Due to this low pressure, the secondary room air is drawn into the induction 
unit and over the coil which imparts either sensible cooling or heating to the room 'return' air as it 
passes over this coil.  After passing through the coil the room 'return' air is mixed with the 
ventilation air and is then supplied to the room via discharge slots in the active chilled beam 
(ACB). 
Figure 1: Active Chilled Beam (Ceiling Mounted Induction Unit)
3
Active chilled beams (ACB’s) allow the sensible heating and cooling requirements of the spaces 
to be decoupled from the ventilation requirements of the spaces.  In essence, the active chilled 
beams take care of the space heating and cooling loads while the air handling units condition the 
required ventilation air for the spaces.  This allows for a dramatic reduction in airflow capacity of 
Appendix H: Cannon Design Consideration and Recommendations
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the main air handling units by more than 20%.  This translates to a significant reduction in fan 
size, electrical power, coil capacity and unit weight, which in turn has a structural impact.  The 
ability to reduce the size of the air handling units also allows for the reduction in all the ductwork 
risers and distribution ductwork throughout the floors.  Essentially, chilled beam system space 
requirements are modest in comparison to a conventional variable air volume (VAV) and a 
constant air volume (CV) fan coil unit system. In most case studies, the costs associated with 
the reduction in AHU size and duct distribution has been shown to equate to the cost of the 
chilled beams. 
A chilled beam system can also reduce maintenance costs compared to both a VAV and a CV 
fan coil unit due to the reduction in moving parts and mechanical equipment.  With no terminal 
unit or fan coil filters or motors to replace, a simple periodic coil cleaning is all that is required in 
order to maintain a chilled beam system.  Additionally, active chilled beam systems typically 
reduce noise levels compared to all-air systems.  Figure 2 illustrates some of the benefits of 
incorporating a chilled beam system in a laboratory space. 
Figure 2: Active Chilled Beam System in a Laboratory Space
3 
An active chilled beam system can achieve relatively uniform temperatures in the occupied 
space, often with less than a 2°F temperature range within the occupied space (Figure 3).  
According to the ASHRAE 55 Standard for Thermal Environmental Conditions for Human 
Occupancy (2010)
1
, the allowable vertical air temperature difference between the head and 
ankles is <5.4°F.  The active chilled beam system meets this requirement and has the capacity 
to maintain a comfortable thermal environment. The use of chilled beams also allows the system 
to supply the necessary amount of outdoor air to each space instead of a mixture of outside air 
and return air.  Figure 3 illustrates the velocity streamlines and temperature gradients for a 
chilled beam system. 
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Figure 3: Infrared Thermal Image of Chilled Beam Performance
2
 
Active chilled beams also reduce the need for reheat and in certain spaces can potentially 
remove the need for reheat altogether.  Due to the varying loads within a space and between 
spaces, a typical laboratory VAV system must cool the air (usually 55°F) and supply it to the 
spaces in order to condition them and maintain the required room temperature setpoints.  Still, 
there are other spaces with different loads that do not require lower supply air temperatures, and 
thus the VAV box(es) must reheat the air so that the space(s) is not over cooled (Figure 4).  With 
a chilled beam system, this need for reheat is removed in all spaces except those where air 
change (AC) rates exceed the ventilation requirements.  In spaces where reheat is needed, it 
need only be applied when the air change rates must be met and only to the additional air 
needed to meet those higher air change requirements.  This results in significant savings in 
HVAC related energy costs, which studies have shown can range from 20%-30% or more. 
Figure 4: Laboratory Chilled Beam System vs. Laboratory VAV Reheat System
2
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Active chilled beams accomplish cooling and heating through pumps and hydronic systems 
instead of fans and air movement.  Water has a volumetric heat capacity 3,500 times that of air 
and is approximately 20 times more efficient.  By reducing ductwork size, the overall cubic feet 
of air per minute (CFM), and VAV or air valve reheat coils, the system air pressure drop can be 
reduced and in turn the total fan energy will be reduced. 
Humidity Control 
In a standard lab system, using 45°F chilled water runs the risk of condensing water on the 
chilled beam coil in the diffuser.  To prevent this from occurring, the chilled water needs to be 
actively controlled to at least 3 or 4°F above the room air dew point.  The humidity levels of the 
supply air are controlled by the main AHU.  The chilled beams only deal with sensible heat gain 
from the laboratory and office spaces.  As a precaution, moisture sensors can be placed on the 
chilled water supply lines, and if moisture is detected, the water valve is closed. 
Energy Recovery 
Energy recovery is the process of exchanging the energy contained in exhausted building air to 
precondition the incoming outdoor ventilation air.  An energy recovery heat exchanger brings the 
temperature and humidity of incoming outdoor air closer to the return air condition by 
exchanging sensible and latent heat between the incoming air and the exhaust air streams. 
During the warmer seasons the system will pre-cool and dehumidify the incoming outdoor air 
while in the cooler seasons the system will pre-heat and humidify it. Using an energy recovery 
system helps meet ventilation and energy standards while improving indoor air quality and 
reducing total HVAC equipment capacity. This technology has demonstrated an effective means 
of reducing energy cost and heating and cooling loads and has allowed for the scaling down of 
equipment. Two different types of energy recovery systems are typically used in laboratory 
spaces: heat pipe systems and run-around energy recovery loops. 
A heat pipe is a heat transfer mechanism that combines the principles of both thermal 
conductivity and phase transition to efficiently manage the transfer of heat between the supply 
and exhaust air streams. At the hot interface within a heat pipe, which is typically at a very low 
pressure, a liquid in contact with a thermally conductive solid surface turns into a vapor by 
absorbing the heat of that surface. The vapor condenses back into a liquid at the cold interface, 
releasing the latent heat. The liquid then returns to the hot interface through either capillary or 
gravity action where it evaporates once more and repeats the cycle. In addition, the internal 
pressure of the heat pipe can be set or adjusted to facilitate the phase change depending on the 
demands of the working conditions of the thermally managed system. This energy recovery 
device is estimated to provide an energy recovery rate of 45-60%. 
A run around coil system comprises of two or more multi-row finned tube coils connected to 
each other by a pumped piping distribution circuit. The system is charged with a heat exchange 
fluid, typically a 30% glycol solution, which picks up heat from the exhaust air coil and gives up 
heat to the supply air coil before returning again. Thus, heat from the exhaust air stream is 
transferred through the system coil to the circulating fluid, and then from the fluid through the coil 
in the supply air stream. The use of this system is generally limited to situations where the air 
streams are separated (laboratories) and no other type of device can be utilized since the heat 
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recovery efficiency is low in comparison to other forms of air to air heat recovery. Gross 
efficiencies are usually in the range of 40-50%, but more significantly seasonal efficiencies of 
this system can be very low, due to the additional electrical energy used by the pumped fluid 
circuit. 
Optimizing Air Quality While Minimizing Energy Usage 
While energy efficiency is important in a laboratory facility due to operating cost and carbon 
emission considerations, the health and safety of the occupants of the building is the primary 
driver for design concept recommendations. The proposed centralized air handling system 
should include electrostatic charcoal filters with a rating of MERV 16 and a dynamic air 
monitoring system that interfaces seamlessly with the building automation system (BAS) to 
provide real time feedback on (and control of) the concentration of air pollutants in the space. 
The custom air handling units are recommended have by-pass components allowing for the 
supply end exhaust air streams to bypass the energy coil when air quality issues are detected. 
These bypass sections are also used when ambient air temperature and humidity levels are 
such that the effectiveness of the energy recovery system is negligible (generally in the 50°F to 
60°F outside air temperature range). 
In order to verify the aforementioned benefits of a chilled beam system, we have included 
simulated annual energy data from two laboratory projects comparable to the CJ Only One R&D 
Center.  The energy models analyze HVAC related energy use between a conventional VAV 
system, a CV fan coil unit system, and an active chilled beam system.  The energy modeling 
analysis also includes a comparison of energy recovery systems: heat pipe system vs. run 
around coil system.  The analysis shows significant savings with the application of the chilled 
beam system over the VAV and CV fan coil unit systems. Additionally, the use of the total heat 
pipe system contributes to incremental energy savings over a run around coil system when used 
with the chilled beam application.  Figure 5 presents an estimate of total building energy end-use 
for the recommended active chilled beam system for the Lab1 project.   
Figure 5: Lab1 Energy End-Use 
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Figures 6 and 8 show a direct comparison of Site and Source Energy Use Intensity or EUI 
(kBtu/SF/year) between the three HVAC system options for each lab project: fan coil, VAV, and 
active chilled beams. Site energy use refers to the energy consumed at the site, while source 
energy refers to the total energy consumed through power transmission as well as that 
consumed at the site. Figures 7 and 9 compare the EUI of a chilled beam system with a heat 
pipe and a run around coil system for the Lab1 and Lab2 projects, respectively.  The graphs 
indicate that the chilled beam system with the heat pipe energy recovery system, which is the 
recommended option, has the lowest Site and Source EUI of the modeled configurations. 
Figure 6: Lab1 HVAC System EUI Analysis 
Figure 7: Lab1 Chilled Beam Energy Recovery System EUI Analysis 
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Figure 8: Lab2 HVAC System EUI Analysis 
Figure 9: Lab2 Chilled Beam Energy Recovery System EUI Analysis 
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Figure 11 compares the system energy use per equipment for the three different HVAC systems 
modeled for the Lab2 project. The analysis shows that although the chilled beam uses more 
pump energy, the system uses significantly less vent fan energy compared to the CV fan coil 
unit system (52% less) and the conventional VAV system (32% less). 
Figure 11: System Energy Use Comparison: Equipment 
   Energy Modeling Notes: 
1. Receptacle equipment modeled as exactly equal as required by ASHRAE 90.1 - 2007. 
2. Use of high efficiency lighting was not incorporated into this study.
3. Glass and wall constructions were kept constant for each laboratory project.
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Summary and Recommendation 
In summary, the active chilled beam system with a centralized heat pipe energy recovery system 
concept is being proposed for this project due to simplicity of maintenance, competitiveness of 
net construction costs, flexibility to address ever-changing lab space cooling loads, thermal 
comfort and superior energy performance as compared to a conventional VAV system and a CV 
fan coil unit system.  This system is proposed to serve all open lab spaces.  This system would 
work in conjunction with a centralized, manifolded AHU system that serves the open lab spaces 
in each “petal” tower.  Vivariums, clean rooms, or other specialty, enclosed laboratory spaces 
would not be served by the active chilled beam system.  The proposed dynamic air monitoring 
system with once through air utilizing MERV 16 filters and delivered to the lab spaces will 
provide the owner and the users of the new campus buildings with:  
- a modern laboratory facility that is safe, healthy and effective 
- optimized thermal comfort and air quality 
- controlled space pressurization based on fume hood usage and pollutant control 
- over 18% energy savings compared to a CV fan coil unit system 
- flexibility for future iterations of space planning and equipment concentrations 
- reduced maintenance costs as compared to a CV/FCU system due to reduction in 
FCU motors and filters. 
- optimized construction costs by reducing air handling unit sizes, duct sizes and shaft 
sizes throughout the building 
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